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Specifications 

1 . Title of the Invention Superconductive-electrical field effect transistor 

2. Claim 

A superconductive-electrical field effect transistor characterized by the fact that it 
has a first and second electrode formed of superconductive materials that are oxide 
compounds on a oxide board interposed by a fixed width channel area, a semiconductor 
layer formed so that at least said channel area is filled, and a third electrode formed so 
that an electrical field can be impressed into said semiconductor layer. 

3. Detailed Explanation of the Invention 
Field of Utilization in Industry 

This invention is a superconductive-electrical field effect transistor. In further 
detail, this involves a new formation with 3 terminal elements utilizing a superconductor 
for the electrodes. 
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Prior Art 

The superconductive phenomena, said to be a reciprocal exchange of electrons, is 
a phenomena that indicates absolute reverse magnatism since the electrical resistance of 
the conductor is zero under specific conditions. Namely, with superconductivity, 
absolutely no power is lost as an electric current flows through a superconductor, and a 
highly dense current will continue to flow indefinitely. Therefore, if superconductivity 
were applied to power transmission technology, for example, the approximately 7% 
inevitable loss in transmitted power, said to occur when power it currently transmitted, 
would be significantly reduced. In addition, utilization as a magnet for generating a 
highly-charged magnetic field has potential in the field of power generation technology 
in terms of MHD power generation, motor generators, and such, and as a technology that 
will expediently promote actualizing a nuclear fusion reaction said to consume more 
power at start-up than the amount of power generated. Also, there is potential for 
utilization in powering trains that float on magnetic fields, magnetically propelling ships, 
and such, as well as in the fields of engineering and medicine with NMR, 71 -meson 
treatment, high-energy physics experimental devices, and such. 

Furthurmore, aside from utilization in the large-scale devices mentioned above, 
superconductive materials have been proposed for application in various types of 
terminal elements. 
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Representative of these is the terminal that utilizes a quantum effect that is seen 
macroscopically as the Josephson effect due to the impressed electrical current when 
superconductive materials are brought in slight contact with each other. A tunnel contact 
type Josephson element has a small energy gap of superconductive materials, so it has 
potential as an extremely fast, low power consuming switching element. Also, the 
Josephson effect on the magnetic waves and magnetic field appears as a true quantum 
phenomena, so the Josephson element has potential for utilization as a ultra-high 
sensitive sensor for magnetic fields, microwaves and radiation and such. Furthermore, the 
electrical curcuits become highly concentrated while the power consumed per unit area 
appears to reach the limits of freezing capacity. Developments in superconductive 
elements have potential in ultra-high speed computers. 

In the past, regardless of effort made by many scientists, the superconductive 
critical temperature Tc of the superconductive materials over the long-term, 23K for 
Nb3Ge, could not be exceeded. In this regard, the discovery that oxide compound 
superconductive materials had a high Tc by Bednorz and Muller in 1986 significantly 
opened up the possibilities for high temperature superconduction. (Bednorz, Muller, "Z. 
Phys. 864, 1986, 189") 

Until then, it was known that oxide compound ceramic materials exhibit 
superconductivity. For example, US Patent No. 3,932,315 states that Ba-Pb-Bi oxide 
compounds exhibit superconductivity, and the report for unexamined Patent Application 
No. SHO60- 173,885 states that Ba-Bi oxide compounds exhibit superconductivity. The 
Tc of the oxide compound superconductive materials know to date, however, has been 
10K or less, generally extremely low, and it was necessary to use expensive and scarce 
liquid helium (boiling point 4.2K) to obtain the superconductive phenomena. 

The oxide compound superconduction discovered by Bednorz and Muller appears 
to have a composition with (La. Ba) 2 Cu0 4 , and K 2 NiF 4 crystalline structure. These oxide 
compound superconductive materials are similar to known [Plobscide] oxide compound 
superconductive materials and crystalline structures, but the Tc was remarkably high, at 
about 3 OK, compared to superconductive materials in the past. 
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In addition, in February 1987, Chu et al. discovered a Ba-T-Cu oxide compound 
that exibited a critical temperature of over 90K. This oxide compound, known as YBCO, 
is thought to have a composition expressed as YiBa2Cu 3 07. x . 

Furthermore, this was followed by the discovery of Bi-Sr-Ca-Cu and Tl-Ba-Ca- 
Cu oxide compounds, which not only have a Tc of 100K or more, but are chemically 
stable and have little loss of superconductivity over time as do YBCO and such, 
consequently could potentially be getting closer to practical use. 

With the discovery of these new oxide compound superconductive materials, the 
chance for realizing high-temperature superconduction is getting closer. 

Problems that the Invention is to Solve 

Currently, many electrical terminals are mainly composed of silicon and such 
semiconductors and metal electrodes, and LSI and such concentrated circuits are simply 
highly dense concentrations of these parts, with no basic difference in structure. 

In contrast, the Josephson element is known as a superconductive element, but the 
Josephson element is a so-called 2 terminal element, and is a problem because it does not 
have the third terminal, which would be the control terminal, making it difficult to design 
the circuits. 

With electrical circuits using generally Si semiconductors, however, are reaching 
limits in terms of power loss and operating speed, so hopes are that an element will be 
discovered using new superconductive materials, to be the high-temperature 
superconductor mentioned above. 

The purpose of this invention is to solve the past technical problems mentioned 
above, and provide a superconductive-electrical field effect transistor with a new 
structure that can be utilized in electric circuits for high speed operations using a 
superconductor. 

Means for Solving the Problems 

Namely, this invention provides a superconductive-electrical field effect transistor 
characterized by the fact that it has a first and second electrode formed of 
superconductive materials that are oxide compounds on a oxide board interposed by a 
fixed width channel area, a semiconductor layer formed so that at least said channel area 
is filled, and a third electrode formed so that an electrical field can be impressed into said 
semiconductor layer. 
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Operation of the Invention 

The superconductive-electrical field effect transistor utilizes the superconductive 
adjacent effect, and is three high-speed terminal elements through which the 
superconductive electrical current flows on the semiconductor. In the past, various 
proposals were made for this superconductive-electrical field effect transistor using metal 
superconductive materials like a Pb alloy and such, as effective as a 3 terminal element 
for high-speed operations, but they have not yet been put to practical use. 

The superconductive-electrical field effect transistor of this invention has as its 
main characteristics formation of oxide compound superconductor electrodes on an oxide 
compound board, in particular, a MgO single-layer crystalline board or SrTi03 single- 
layer crystalline board, and formation of the channel between the electrodes using oxide 
compound superconductive materials. 

With the superconductive-electrical field effect transistor of this invention, first, it 
is recommended that the board be a MgO single-layer crystalline board or SrTi03 single- 
layer crystalline board as the (100) coating surface. Namely, the electrical resistance of 
the oxide compound superconductor forming the channel of the superconductive- 
electrical field effect transistor of this invention is known to be crystalline aeolotropy. 
Namely, electrical current flows easily in parallel directions on the surface that 
determines the a axis and b axis of the crystals. By forming a thin film of oxide 
compound superconductive material on the (100) surface MgO single-layer board or 
SrTi03 single-surface board, the c axis of the crystals of the oxide compound 
superconductive material can be arranged at a perpendicular angle or close to 
perpendicular angle, and as a result, the critical electrical current density Jc, in particular, 
is greater. In addition, MgO or SrTi03 are close in the rate at which they expand in heat 
to the oxide compound superconductor mentioned above, so there is the benefit of 
minimizing the mismatch during curing in the production process. 
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In this invention, an oxide compound superconductor that gives a high 
superconductive critical temperature is used for the electrodes to provide a practical 
superconductive-electrical field effect transistor. The oxide compound super conductor 
used in the oxide compound superconductive-electrical field effect transistor of this 
invention should preferably be oxide compounds that have a oxygen deprived [Plobscide] 
crystalline structure like YiBa 2 Cu 3 07-x, called YBCO. They need not be limited to these, 
however, and it is possible to use known superconductors at one's discretion. 

Namely, a particularly desirable oxide compound superconductive material would 
have a composition with the general formula: (a i. x p x ) t y O x 

(provided, a is an element that includes the Iia group on the periodic table of elements, p 
is an element from the Ilia group on the periodic table of elements, x is selected from at 
least one of the elements in lb, lib, Illb, IVa and VIII groups on the period table of 
elements, and x, y, and z are numbers that satisfy respectively 0.1 < x < 0.9, 0.4 < y < 3.0, 
1 < z < 5), and these would mainly be [Plobscide] or [Plobscide]-like oxide compounds. 

In this case, specific examples of the element a of the Iia group on the periodic 
table of elements would be Ba, Sr, Ca, Mg and Be and such, with the preferable elements, 
in particular, being Ba and Sr. Furthermore, 10 to 80% of element a can be replaced by 1 
type or 2 types of elements selected from Mg, Ca and Sr. 

As element P mentioned above, specific examples besides Y would be La, Sc, Ce, 
Gd, Ho, Br, Tm, Yb, Lu and such, with the preferable elements, in particular, being La 
and Ho. Furthermore, 10 to 80% of element p can be replaced by 1 type of 2 types of 
elements selected from Sc or the lantanoide elements. 

The element x is generally Cu, but in addition, Al, Fe, Co, Ni, Zn, Ag, Ti and such 
can be used. Furthermore, other elements, for example Ti, V and such selected from the 
lb, lib, Illb, IVa and VIII groups can replace a portion. 
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In addition, other effective materials that can be applied as the superconductive 
material layer on the semiconductor board of this invention could include oxide 
compound superconductors that have a composition given in the formula: 

Ct 4 (P l- x Ca x ) mCUnOp+y 

(wherein, a is Bi or Tl, 

p is Sr when a is Bi and Ba when a is Tl, 

m is a number that satisfies 6 < m < 1 0, 
n satisfies 4 < n < 8, 
p = 6 + m + n, 
x satisfies 0.2 < x < 0.8, 
and y satisfies 2 < y < 2). 
In addition, the semiconductor used in the superconductive-electrical field effect 
transistor of this invention can be selected at one's discretion depending on the purpose 
from any one of the Si, III to V group compound, II to VI group compounds or multiple 
element compound semiconductors. 

The following is an explanation of the production method for the 
superconductive-electrical field effect transistors of this invention. 

First, the oxide compound superconductor thin film that is to be the electrode is 
formed on the oxide compound board (100) surface mentioned above. As a method for 
doing this, preferably, one should use a heat/steam adhesion method or similar method to 
heat/steam adhesion like spattering, ion etching, molecular beam epitaxy, CVD (chemical 
vapor disposition method) and such. Among these methods, the magnetron spattering 
method, in particular, is preferable, and in that case, the film should be formed, 
preferably, with the compound board at a temperature of 700 degrees centigrade. 

After forming the oxide compound superconductor thin film on the oxide board 
by any one of the methods mentioned above, the electrode is formed by processing this 
thin film. Namely, as will be mentioned in detail below, use patterning so one pair of 
corresponding electrodes is formed by a source electrode and drain electrode. For the 
patterning, it is preferable to use electron beam lithography and halogen-reaction ion 
exchange or spatter ion exchange with Ar. After the process mentioned above, the 
superconductive electrode and semiconductor layer on the oxide compound board are 
formed. After forming the semiconductor layer, the nonconductor, such as Si02 and 
such, is formed on the semiconductor layer by heat oxidation and such, and on this, a gate 
electrode is formed using Al and such. 

This invention will be explained in further detail below using a working example, 
but the following disclosure is one working example and does not constitute the limits of 
the technological claim of this invention. 
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Working Example 

Diagram 1 is a cross-section diagram giving an example of the structure of the 
superconductive-electrical field effect transistor of this invention. 

This superconductive-electrical field effect transistor has a pair of electrodes 
formed on the board 4, namely, the drain electrode 1 and source electrode 3, and besides 
the channel area formed between these electrodes 1, 3, a semiconductor layer 5 is 
substantively accumulated on a portion on the electrode layer and furthermore, it has a 
nonconductive layer 6 as well as gate electrode 2 accumulated on this semiconductor 
layer 5. 

With the working example, MgO single-layer crystals and SrTi0 3 single-layer 
crystals are used for the board, the oxide compound thin film is formed using magnetron 
spattering targeting Ba2Cu4.50x fusion powder or HoBa2.3Cu4.7Ox fusion powder on the 
(100) surface. The spattering was done with the board temperature at 700 degrees 
centigrade giving careful attention to the size of the positioning relationship of the board 
and target and the high frequency power. The oxide compound superconductor layer was 
brought up to 1000A. 

Next, the oxide compound superconductor formed on the crystalline board 
mentioned above was processed to produce an electrode. Diagram 2 gives a diagram of 
the electrode pattern formed at this point, and shows the pattern as seen from above the 
board 4. The patterning forms 2 separate electrodes, the source electrode and drain 
electrode, using Cl 2 ion etching through a photo-resist mask. The distance between the 
electrodes is 2000A. 

Furthermore, the semiconductor layer is formed so that the ends of various 
superconductive electrode are exposed, and the Si0 2 nonconductive layer 6 is formed by 
heat oxidation of the upper portion of the semiconductive layer. Then, the Al electrode is 
formed as the gate electrode 2 by spatter heat adhesion. 

With this working example, Si, GaAs and InP are used as semiconductors. Lastly, 
an Ag electrode was formed by heat adhesion for wire bonding on the superconductive 
electrode and gate electrode as a test sample. 
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Chart 1 below gives the critical temperatures of the superconductive electrodes 
for the various test samples. In Chart 1, respectively, Tco is the initial temperature of the 
sudden reduction in electrical resistance for the test sample, and Tci is the temperature 
when electrical resistance could no longer be measured. 



Chart 1 
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Furthermore, the superconductive-electrical field effect transistor produced as 
stated above was frozen in liquid nitrogen and the relationship between the drain voltage 
and drain current was examined when conducting. Diagram 3 is a graph giving the 
relationship of the drain voltage and the drain current obtained in this manner. 

As shown in Diagram 3, the features of this superconductive-electrical field effect 
transistor are consistent with the calculated values. 

In this way, the superconductive-electrical field effect transistor of this invention 
has superior features, and also, the superconductive critical temperature of the oxide 
compound superconductive materials is high, so it has potential for broad application as a 
new element for high-speed operations. 

Effects of the Inventions 

As mentioned above, the superconductive-electrical field effect transistor of this 
invention is an absolutely new transistor that uses an oxide compound superconductor as 
a superconductive electrode. Furthermore, the superconductive-electrical field effect 
transistor of this invention not only has a high superconductive critical temperature, but 
also is superior in its other features, and has potential for application as a high-speed 3 
terminal element. In addition, it has epoch-making potential for advancing the high-speed 
operation and high density of electrical circuits. 
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4. Brief Explanation of the Drawings 

Diagram 1 gives a cross-section of the structure of the superconductive-electrical 
field effect transistor of this invention, 

Diagram 2 gives an example of the patterning of the source electrode and drain 
electrode for the superconductive-electrical field effect transistor shown in Diagram 1, 
and 

Diagram 3 is a graph that gives the drain voltage and drain current for the 
superconductive-electrical field effect transistor working example. 

(Main Reference Numbers) 

1 .. Drain electrode 2 Gate electrode 

3 .. Source electrode 4 Oxide compound board 

5 Semiconductor 6 Nonconductor 



Diagram 1 




Diagram 2 
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Diagram 3 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



£J BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




